Abstract -The problem of model reference adaptive control (MRAC) for nonlinear timevarying plants based on a fuzzy model is addressed. It is known that this kind of plants can readily be described by a fuzzy model. To tackle the plant parameter variations, an adaptive algorithm is derived to tune a designed fuzzy controller such that the system output follows a desired output from a reference fuzzy plant model. The stability of the closed-loop system is guaranteed. Cases of full-state feedback and output feedback are to be investigated. The results and merits of the proposed algorithms are illustrated by an example for each case.
I. INTRODUCTION
UZZY logic control have become a promising research platform during the past decade. Uncertain or ill-defined plants are readily handled by fuzzy controllers of which the design need not rely on accurate models of the plants. The endowment with human spirit have made fuzzy controller be successfully applied in many areas [l, 21. Still, the conventional design of fuzzy controllers are based on a heuristic approach which cannot guarantee the closed-loop system's stability and dynamic behaviour.
This has stimulated much research work on the analysis of the stability of the fuzzy system [5-81. However, the parameter uncertainties were not put into account in these designs. When the plants are nonlinear with inherent parameter uncertainties or even time-varying parameters, a systematic design approach is lacked.
In this paper, a solution is offered on the problem of design of adaptive fuzzy logic controller (FLC) for the aforementioned plants. Cases of control with fullstate feedback and with output feedback are investigated. It is known that any nonlinear plant can readily be represented by a fuzzy model proposed by Takagi and Sugeno [3] (TS-model). Due to the timevarying or uncertain plant parameters, adaptivity has to be introduced by a fuzzy controller to tune the TSmodel representing the plant during on-line operation. The objective is to drive the system output to follow F the one come from a reference TS-model, with guaranteed closed-loop stability and design of dynamic behaviour. During the control process, the parameters of the fuzzy model representing the plant is estimated simultaneously. Hence, a model for the nonlinear plant is readily obtainable without resort to the tedious work for deriving the physical model. The design of the closed-loop system is thus eased.
FUZZY MRAC WITH FULL-STATE FEEDBACK
A nonlinear plant is represented by a TS-model of which the i-th rule is given by: where wi is the normalized weight for rule i, p is the number of rules. An FLC is to be designed based on this fuzzy model of the plant. Thej-th rule of the FLC is given by,
where u' is the control corresponding to the j-th rule which is obtained from the adaptive control law to be discussed later. 'The number of rules of the FLC is the same as that of the fuzzy plant model. The inferred control output is defined as,
The adaptive control is to drive x to follow that from a reference TS-model of the plant. The i-th rule of the reference model is given by: The inferred output of the reference model is defined as, Theorem 1: The dynamics of e will converge to zero if the following adaptive law for 6' is used:
where w; is the normalized weight for rule k.
The adaptive control law is derived based on the Lyapunov's stability theorem. From (1) to (5), the closed loop system is,
i=l Let e = x -x,, from (8) The proof for Lemma 1 can be found in [4] .
IV. EXAMPLES
For -fuzzy MRAC with full-state feedback, the refcrence fuzzy model is represented by one rule only such that X, = Amxm f br , A, = -5 -3
The rules of the fuzzy model and the fuzzy controller are respectively given by (1) and (14) . Two fuzzy terms, Positive (P) and Negative (N) are assigned of which the membership functions are shown in Fig. 2 
1IT. The initial values of G i are all
The successes of the fuzzy MRAC for both
V. CONCLUSION
The fuzzy MRAC for the SISO system with fullstate feedback and MIS0 system with output feedback are presented. The control laws and the adaptive algorithms for both cases are derived. With the use of these laws, the stability of the fuzzy systems is guaranteed. The performance of the fuzzy systems is governed by a defined reference fuzzy model. The control process and fuzzy model parameter estimation are being done simultaneously.
